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(57) ABSTRACT

An apparatus for correcting an image may include a first
correction unit measuring movement of a camera module and
a position of a lens in the camera module and adjusting the
position of the lens in the camera module in accordance with
the movement, and a second correction unit calculating error
vectors using the measured movement value of the camera
module and the position value of the lens and correcting an
image from the camera module using the error vectors.
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1
APPARATUS AND METHOD FOR
CORRECTING IMAGE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent Appli-
cation No. 10-2014-0017767 filed on Feb. 17, 2014, with the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference.

BACKGROUND

The present disclosure relates to an apparatus and a method
for correcting an image.

As camera modules in digital imaging apparatuses such as
digital cameras or smart phones have been reduced in size,
camera shake has become an issue. The issue of camera shake
refers to motion blur appearing on an image captured by a
camera due to camera motions such as movement and rotation
during image exposure.

To overcome this problem, existing digital imaging appa-
ratuses employ Optical Image Stabilization (OIS) technology
that corrects for user hand shake by adjusting the position of
a lens by the amount of hand shake movement or Digital
Image Stabilization (DIS) that performs post-correction on a
captured image using a motion point spread function.

In the OSI scheme, however, an error between the amount
of hand shake measured by a gyro sensor and the actual
movement amount of a lens may occur, so that motion blur
corresponding to the error may remain in captured images.

Further, in the case of the DIS scheme, although it has the
advantage of low manufacturing costs, it has poor perfor-
mance in removing motion blur, as compared to the OIS
scheme.

SUMMARY

An exemplary embodiment in the present disclosure may
provide an apparatus and a method for correcting an image in
which error vectors are calculated based on movement of a
camera sensed by a first sensor and a position of a lens sensed
by a second sensor, and an image is corrected based thereon,
so that a clearer image may be obtained.

According to an exemplary embodiment in the present
disclosure, an apparatus for correcting an image may include:
a first correction unit measuring movement of a camera mod-
ule and a position of a lens in the camera module and adjust-
ing the position of the lens in the camera module in accor-
dance with the movement; and a second correction unit
calculating error vectors using the measured movement value
of the camera module and the position value of the lens and
correcting an image from the camera module using the error
vectors.

The second correction unit may include: an error vector
calculation unit calculating the error vectors using the mea-
sured movement value of the camera module and the position
value of the lens; and an image correction unit correcting the
image from the camera module using the error vectors.

The second correction unit may include: an error vector
calculation unit calculating the error vectors using the mea-
sured movement of the camera module and the position of the
lens; and an image correction unit correcting the image from
the camera module using the error vectors.

The apparatus may further include a timing control unit
transmitting the calculated error vectors in response to a state
of'a shutter of the camera module to the image correction unit.
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The timing control unit may extract error vectors calcu-
lated while the shutter is open from among the calculated
error vectors so as to transmit the error vectors to the image
correction unit.

The timing control unit may include: a timer outputting a
delay time corresponding to a time difference in the case of a
time difference between a time at which an on/off signal for
the shutter transmitted from the camera module is transmitted
and when the shutter is actually opened/closed; and a delay
buffer applying the delay time to the error vectors transmitted
from the error vector calculation unit so as to transmit the
error vectors to the image correction unit.

The first correction unit may include: a first sensor mea-
suring movement of the camera module; a lens control unit
adjusting the position of the lens in the camera module in
accordance with the movement of the camera module mea-
sured by the first sensor; and a second sensor measuring the
position of the lens.

The lens control unit may adjust the position of the lens in
such a manner as to counteract the movement of the camera
module sensed by the first sensor.

The first sensor may sense angular velocity of the camera
module, and the lens control unit may calculate a motion
vector of the lens corresponding to the angular velocity of the
camera module sensed by the first sensor and may adjust the
position of the lens according to the calculated motion vector
of the lens.

The second correction unit may compare a movement dis-
tance value corresponding to an angular velocity value sensed
by the first sensor with a position value of the lens sensed by
the second sensor so as to calculate an error vector.

The motion vector may be calculated by integrating the
angular velocity value sensed by the first sensor.

The lens control unit may include: a motion vector calcu-
lation unit calculating a motion vector of the lens correspond-
ing to the movement of the camera module sensed by the first
sensor; and a lens drive unit adjusting the position of the lens
based on the calculated motion vector of the lens.

The motion vector calculation unit may be a PID controller
receiving a feedback signal indicating the position of the lens
from the second sensor to calculate the motion vector.

The first sensor may be a gyro sensor detecting angular
velocity of the camera module.

The second sensor may be a hall sensor detecting the posi-
tion of the lens.

According to an exemplary embodiment in the present
disclosure, an apparatus for correcting an image may include:
a gyro sensor sensing angular velocity of a camera module; a
lens control unit calculating a motion vector corresponding to
the sensed angular velocity and adjusting a position of a lens
in the camera module based on the motion vector; a hall
sensor sensing the position of the lens; an error vector calcu-
lation unit comparing a movement distance value correspond-
ing to an angular velocity value of the camera module sensed
by the gyro sensor with a position value of the lens sensed by
the hall sensor so as to calculate error vectors; a timing control
unit extracting error vectors calculated while a shutter of the
camera module is open from among the calculated error vec-
tors; and an image correction unit correcting an image cap-
tured by the lens based on the extracted error vectors.

The lens control unit may calculate a motion vector of the
lens corresponding to the angular velocity of the camera
module sensed by the gyro sensor and adjust the position of
the lens based on the calculated motion vector of the lens.

The motion vector may be calculated by integrating the
angular velocity value sensed by the gyro sensor.
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The lens control unit may include: a motion vector calcu-
lation unit calculating a motion vector of the lens correspond-
ing to angular velocity of the camera module sensed by the
gyro sensor; and a lens drive unit adjusting the position of the
lens based on the calculated motion vector of the lens.

The motion vector calculation unit may be a PID controller
receiving a feedback signal indicating the position of the lens
from the hall sensor to calculate the motion vector.

According to an exemplary embodiment in the present
disclosure, a method for correcting an image may include: a)
sensing movement of a camera module; b) adjusting a posi-
tion of a lens in the camera module in accordance with the
sensed movement of the camera module; ¢) sensing the posi-
tion of the lens; d) calculating error vectors based on the
sensed movement of the camera module and the sensed posi-
tion of the lens; and e) correcting an image from the camera
module based on the error vector.

a) the adjusting of the position of the lens may include
calculating a motion vector of the lens corresponding to the
sensed movement of the camera module; and adjusting the
position of the lens based on the calculated motion vector of
the lens.

The method may further include: extracting valid error
vectors calculated while the shutter of the camera module is
open from among the calculated error vectors, between d) the
calculating of the error vectors and e) the correcting of the
image, wherein e) the correcting of the image includes cor-
recting the image using the calculated valid error vectors.

Operations a) to d) may be repeatedly performed a prede-
termined number of times depending on the period of time for
which the shutter of the camera module is open.

BRIEF DESCRIPTION OF DRAWINGS

The above and other aspects, features and other advantages
of the present disclosure will be more clearly understood
from the following detailed description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a block diagram of an apparatus for correcting an
image according to an exemplary embodiment of the present
disclosure;

FIG. 2 is a block diagram of an example of the first correc-
tion unit illustrated in FIG. 1,

FIG. 3 is a block diagram of an example of the lens control
unit illustrated in FIG. 2;

FIG. 4 is a block diagram of another example of the lens
control unit illustrated in FIG. 2;

FIG. 5 is a block diagram of an example of the second
correction unit illustrated in FIG. 1;

FIG. 6 is a block diagram of another example of the second
correction unit illustrated in FIG. 1;

FIG. 7 is a block diagram of an example of a timing control
unit illustrated in FIG. 6;

FIG. 8 is a block diagram of an apparatus for correcting an
image according to another exemplary embodiment of the
present disclosure;

FIG. 9 is a flowchart for illustrating a method for correcting
an image according to an exemplary embodiment of the
present disclosure;

FIG. 10 is a flowchart for illustrating an example of adjust-
ing of the position of a lens of the method illustrated in FIG.
9; and

FIG. 11 is a flowchart for illustrating a method for correct-
ing an image according to another exemplary embodiment of
the present disclosure.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present disclosure will be
described in detail with reference to the accompanying draw-
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ings. The disclosure may, however, be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the disclo-
sure to those skilled in the art. Throughout the drawings, the
same or like reference numerals will be used to designate the
same or like elements.

FIG. 1is a block diagram of an apparatus for correcting an
image according to an exemplary embodiment of the present
disclosure.

Referring to FIG. 1, the apparatus 10 for correcting an
image according to the exemplary embodiment of the present
disclosure may include a first correction unit 100 and a second
correction unit 200.

The apparatus 10 for correcting an image may be installed
in a digital imaging device such as a digital camera or a smart
phone along with a camera module 20 and may serve to
correct an image captured by the camera module 20. The
camera module 20 may include a lens 22 through which light
passes, an image generation unit 24 that receives the light so
as to generate an image signal, and a shutter 26.

The first correction unit 100, when capturing an image
using the camera module 20, may serve to sense the hand
shake of the camera module 20 and move the lens 22 in the
camera module 20 in accordance with the hand shake so as to
prevent motion blur caused by the hand shake of the camera
module 20.

The second correction unit 200 may correct an image cap-
tured by the camera module 20 in accordance with the sensed
amount of hand shake of the camera module 20 and the
corresponding position of the lens 22.

In an exemplary embodiment, the second correction unit
200 may compare a movement value of the camera module 20
with a position value of the lens 22 so as to calculate error
vectors and may use the error vectors to correct the image
captured by the camera module 20.

The first and second correction units 100 and 200 will be
described below in more detail with reference to FIGS. 2
through 7.

FIG. 2 is a block diagram of an example of the first correc-
tion unit 100 illustrated in FIG. 1.

Inthe example illustrated in FIG. 2, the first correction unit
100 may include a first sensor 110, a lens control unit 120, and
a second sensor 130.

The first sensor 110 may sense the movement ofthe camera
module 20. In an exemplary embodiment, the first sensor 110
may be a gyro sensor that measures angular velocity of the
camera module 20. The components of the angular velocity
may include a pitch value or a yaw value. That is, the first
sensor 110 may measure a pitch value and a yaw value of the
camera module 20 and may output the measured values to the
lens control unit 120.

Thelens control unit 120 may adjust the position of the lens
22 inaccordance with the movement of the camera module 20
sensed by the first sensor 110. In an exemplary embodiment,
the lens control unit 120 may adjust the position of the lens 22
in the opposite direction to the movement of the camera
module 20.

Specifically, the lens control unit 120 may calculate a
motion vector corresponding to the angular velocity of the
camera module 20 sensed by the first sensor 110 and may
adjust the position of the lens 22 in accordance with the
calculated motion vector. The motion vector may be calcu-
lated by integrating the angular velocity value. The lens con-
trol unit 120 may be operated only while a shutter 26 of the
camera module 20 is open.
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The configuration of the lens control unit 120 will be
described in more detail with reference to FIG. 3.

The second sensor 130 may sense the position of the lens
22 of the camera module 20. In an exemplary embodiment,
the second sensor 130 may be a hall sensor. The second sensor
130 may sense the position of the lens 22 and may output it to
the error vector calculation unit 210.

FIG. 3 is a block diagram of an example of the lens control
unit illustrated in FIG. 2, and FIG. 4 is a block diagram of
another example of the lens control unit illustrated in FIG. 2.

In the example illustrated in FIG. 3, the lens control unit
120 according to an exemplary embodiment of the present
disclosure may include a motion vector calculation unit 122
and a lens drive unit 124.

The motion vector calculation unit 122 may calculate a
motion vector of the lens 22 in accordance with the movement
of the camera module 20 sensed by the first sensor 110. That
is, in order to prevent motion blur occurring due to the hand
shake of the camera module 20, the motion vector calculation
unit 122 may generate a motion vector that includes a value
corresponding to the amount of movement in the opposite
direction to the movement of the camera module 20.

In an exemplary embodiment, the motion vector calcula-
tion unit 122 may be a PID controller 123 that receives a
feedback signal indicating the position of the lens 22 from the
second sensor 130 so as to calculate a motion vector, as
illustrated in FIG. 4.

The lens drive unit 124 may adjust the position of the lens
22 based on the motion vector calculated by the motion vector
calculation unit 122. The lens drive unit 124 may adjust the
position of the lens 22 in a PWM manner or in a linear manner.

FIG. 5 is a block diagram of an example of the second
correction unit illustrated in FI1G. 1, FIG. 6 is a block diagram
of another example of the second correction unit illustrated in
FIG. 1, and FIG. 7 is a block diagram of an example of a
timing control unit illustrated in FIG. 6.

Referring to FIGS. 5 and 6, the second correction unit 200
according to an exemplary embodiment of the present disclo-
sure may include an error vector calculation unit 210 calcu-
lating error vectors in the first correction unit 100, and an
image correction unit 220 correcting an image using the error
vector.

The second correction unit 200 may further include a tim-
ing control unit 230 adjusting timings at which the error
vector calculated by the error vector calculation unit 210 is
transmitted to the image correction unit 220.

The motion vector calculation unit 210 may calculate error
vectors using the position of the lens 22 and the movement of
the camera module 20 sensed by the first correction unit 100.

Specifically, the error vector calculation unit 210 may cal-
culate error vectors based on the movement value of the
camera module 20 sensed by the first sensor 110 and the
position value of the lens 22 sensed by the second sensor 130.
In an exemplary embodiment, the error vector calculation
unit 210 may compare the pitch values and yaw values sensed
by the first sensor 110 with an x-coordinate value and a
y-coordinate value sensed by the second sensor 130 so as to
calculate error vectors. In an exemplary embodiment, the
error vector calculation unit 210 may be operated only while
a shutter 26 of the camera module 20 is open.

The image correction unit 220 may correct an image gen-
erated by the image generation unit 24 in the camera module
20 based on the error vector calculated by the error vector
calculation unit 210.

In an exemplary embodiment, the image correction unit
220 may perform deconvolution on the error vector and an
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image generated by the image generation unit 24 using an
image restoration filter, so as to correct image blur.

The timing control unit 230 may transmit the calculated
errors vector to the image correction unit 220 in response to
the state of the shutter 26 of the camera module 20.

In an exemplary embodiment, the timing control unit 230
may extract error vectors while the shutter 26 of the camera
module 20 is open, i.e., while an image is generated, so as to
transmit it to the image correction unit 220.

Specifically, the timing control unit 230 may receive an
on/off signal for the shutter 26 from the camera module 20 so
as to determine the state of the shutter 26 and may extract
error vectors calculated while the shutter 26 is open from
among the error vector calculation unit 210 so as to transmit
the error vectors to the image correction unit 220.

In an exemplary embodiment, the timing control unit 230
may include a delay buffer 231 and a timer 232, as illustrated
in FIG. 7.

The delay buffer 231 may apply to the error vectors trans-
mitted from the error vector calculation unit 210 a time delay
provided from the timer 232 if there is a time difference
between a time at which the on/off signal for the shutter 26
transmitted from the camera module 20 is transmitted and
when the shutter is actually opened/closed, to thereby trans-
mit them to the image correction unit 220.

The timer 232 may provide a delay time corresponding to
a time difference in the case of a time difference between a
time at which the on/off signal for the shutter 26 transmitted
from the camera module 20 is transmitted and when the
shutter is actually opened/closed.

FIG. 8 is a block diagram of an apparatus for correcting an
image according to another exemplary embodiment of the
present disclosure.

Referring to FIG. 8, an apparatus for correcting an image
according to the another exemplary embodiment of the
present disclosure may include a gyro sensor 110 sensing
angular velocity of a camera module 20; a lens control unit
120 calculating a motion vector corresponding to the sensed
angular velocity and adjusting a position of a lens 22 in the
camera module 20 based on the motion vector; a hall sensor
130 sensing the position of the lens 22; an error vector calcu-
lation unit 210 comparing a movement distance value corre-
sponding to an angular velocity value of the camera module
20 sensed by the gyro sensor 110 with a position value of the
lens 22 sensed by the hall sensor 130 so as to calculate error
vectors; a timing control unit 230 extracting error vectors
calculated while a shutter 26 of the camera module is open
from among the calculated error vectors; and an image cor-
rection unit correcting an image captured by the lens 22 based
on the extracted error vectors.

FIG. 9 is a flowchart for illustrating a method for correcting
an image according to an exemplary embodiment of the
present disclosure, FIG. 10 is a flowchart for illustrating an
example of adjusting of the position of a lens of the method
illustrated in F1G. 9, and FIG. 11 is a flowchart for illustrating
a method for correcting an image according to another exem-
plary embodiment of the present disclosure.

The method for correcting an image illustrated in FIG. 9
according to the exemplary embodiment is performed by the
apparatus 10 for correcting an image described above with
reference to FIGS. 1 through 8, and thus redundant descrip-
tions will not be made.

Referring to FIG. 9, the apparatus 10 for correcting an
image may sense movement of the camera module 20 (S800).
Then, the apparatus 10 for correcting an image may adjust the
position of the lens 22 in accordance with the sensed move-
ment of the camera module 20. Then, the apparatus 10 for
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correcting an image may sense the position of the lens 22
(S820) and may calculate error vectors based on the sensed
movement value of the camera module 20 and the position
value of the lens 22 (S830).

Then, the apparatus 10 for correcting an image may correct
an image captured by the camera module 20 based on the
calculated error vector (S840).

In an exemplary embodiment, as illustrated in FIG. 10, the
adjusting of the position of the lens 5810 may include calcu-
lating a motion vector of the lens 22 corresponding to the
sensed movement of the camera module 20 (S812), and
adjusting the position of the lens 22 according to the calcu-
lated motion vector of the lens 22 (S814).

In an exemplary embodiment, the operations S800 to S830
may be performed only while a shutter of the camera module
20 is open and may be repeatedly performed a predetermined
number of times depending on the period of time for which
the shutter of the camera module 20 is open.

In another exemplary embodiment, as illustrated in FIG.
11, the method for correcting an image may include, after the
calculating of the error vector S830, extracting valid error
vectors calculated while the shutter 26 of the camera module
20 is open from among the calculated error vectors (S835),
and correcting an image using the extracted valid error vec-
tors (S845).

As set forth above, according to exemplary embodiments
of'the present disclosure, error vectors are calculated based on
movement of a camera module sensed by a first sensor and a
position of a lens sensed by a second sensor, and an image is
corrected based thereon, so that a clearer image can be
obtained.

While exemplary embodiments have been shown and
described above, it will be apparent to those skilled in the art
that modifications and variations could be made without
departing from the spirit and scope of the present disclosure
as defined by the appended claims.

What is claimed is:

1. An apparatus for correcting an image, comprising:

a first correction unit configured to measure movement of

a camera module and a position of a lens in the camera
module and adjust the position of the lens in the camera
module in accordance with the movement; and

a second correction unit configured to calculate error vec-

tors using the measured movement value of the camera
module and the position value of the lens and correct an
image from the camera module using the error vectors.
2. The apparatus of claim 1, wherein the second correction
unit includes:
an error vector calculation unit configured to calculate the
error vectors using the measured movement value of the
camera module and the position value of the lens; and

an image correction unit configured to correct the image
from the camera module using the error vectors.

3. The apparatus of claim 2, wherein the second correction
unit further includes a timing control unit configured to trans-
mit the calculated error vectors in response to a state of a
shutter of the camera module to the image correction unit.

4. The apparatus of claim 3, wherein the timing control unit
extracts error vectors calculated while the shutter is open
from among the calculated error vectors so as to transmit the
error vectors to the image correction unit.

5. The apparatus of claim 4, wherein the timing control unit
includes:

atimer configured to output a delay time corresponding to

a time difference in the case of a time difference between
a time at which an on/off signal for the shutter transmit-
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ted from the camera module is transmitted and when the
shutter is actually opened/closed; and

a delay buffer configured to apply the delay time to the
error vectors transmitted from the error vector calcula-
tion unit so as to transmit the error vectors to the image
correction unit.

6. The apparatus of claim 1, wherein the first correction

unit includes:

a first sensor configured to measure movement of the cam-
era module;

a lens control unit configured to adjust the position of the
lens in the camera module in accordance with the move-
ment of the camera module measured by the first sensor;
and

a second sensor configured to measure the position of the
lens.

7. The apparatus of claim 6, wherein the lens control unit
adjusts the position of the lens in such a manner as to coun-
teract the movement of the camera module sensed by the first
Sensor.

8. The apparatus of claim 6, wherein the first sensor senses
angular velocity of the camera module, and the lens control
unit calculates a motion vector of the lens corresponding to
the angular velocity of the camera module sensed by the first
sensor and adjusts the position of the lens according to the
calculated motion vector of the lens.

9. The apparatus of claim 8, wherein the second correction
unit compares a movement distance value corresponding to
an angular velocity value sensed by the first sensor with a
position value of the lens sensed by the second sensor so as to
calculate the error vectors.

10. The apparatus of claim 8, wherein the motion vector is
calculated by integrating the angular velocity value sensed by
the first sensor.

11. The apparatus of claim 6, wherein the lens control unit
includes:

a motion vector calculation unit configured to calculate a
motion vector of the lens corresponding to the move-
ment of the camera module sensed by the first sensor;
and

alens drive unit configured to adjust the position of the lens
based on the calculated motion vector of the lens.

12. The apparatus of claim 11, wherein the motion vector
calculation unit is a PID controller receiving a feedback sig-
nal indicating the position of the lens from the second sensor
to calculate the motion vector.

13. The apparatus of claim 6, wherein the first sensor is a
gyro sensor detecting angular velocity of the camera module.

14. The apparatus of claim 6, wherein the second sensor is
a hall sensor detecting the position of the lens.

15. An apparatus for correcting an image, comprising:

a gyro sensor configured to sense angular velocity of a

camera module;

a lens control unit configured to calculate a motion vector
corresponding to the sensed angular velocity and adjust
a position of a lens in the camera module based on the
motion vector;

a hall sensor configured to sense the position of the lens;

an error vector calculation unit configured to compare a
movement distance value corresponding to an angular
velocity value of the camera module sensed by the gyro
sensor with a position value ofthe lens sensed by the hall
sensor so as to calculate error vectors;

a timing control unit configured to extract error vectors
calculated while a shutter of the camera module is open
from among the calculated error vectors; and
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an image correction unit configured to correct an image
captured by the lens based on the extracted error vectors.

16. The apparatus of claim 15, wherein the lens control unit
calculates a motion vector of the lens corresponding to the
angular velocity of the camera module sensed by the gyro
sensor and adjusts the position of the lens based on the cal-
culated motion vector of the lens.

17. The apparatus of claim 15, wherein the motion vector is
calculated by integrating the angular velocity value sensed by
the gyro sensor.

18. The apparatus of claim 15, wherein the lens control unit
includes:

a motion vector calculation unit configured to calculate a
motion vector of the lens corresponding to the angular
velocity of the camera module sensed by the gyro sen-
sor; and

alens drive unit configured to adjust the position of the lens
based on the calculated motion vector of the lens.

19. The apparatus of claim 18, wherein the motion vector
calculation unit is a PID controller receiving a feedback sig-
nal indicating the position of the lens from the hall sensor to
calculate the motion vector.

20. A method for correcting an image, comprising:

a) sensing movement of a camera module;

b) adjusting a position of a lens in the camera module in

accordance with the sensed movement of the camera
module;
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¢) sensing the position of the lens;

d) calculating error vectors based on the sensed movement
ofthe camera module and the sensed position ofthe lens;
and

e) correcting an image from the camera module based on
the error vectors.

21. The method of claim 20, wherein a) the adjusting of the

position of the lens includes:

calculating a motion vector of the lens corresponding to the
sensed movement of the camera module; and

adjusting the position of the lens based on the calculated
motion vector of the lens.

22. The method of claim 20, further comprising extracting
valid error vectors calculated while the shutter of the camera
module is open from among the calculated error vectors,
between d) the calculating of the error vectors and e) the
correcting of the image,

wherein e) the correcting of the image includes correcting
the image using the calculated valid error vectors.

23. The method of claim 20, wherein the operations a) to d)
are repeatedly performed a predetermined number of times
depending on the period of time for which the shutter of the
camera module is open.
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